Introduction
Medical Decision Support Systems (MDSS) can help in optimizing therapy settings by employing mathematical models to simulate the patient. This optimization process should be fast, thus computation of the mathematical models needs to be efficient. A previously presented framework to dynamically combine models of three different model families (respiratory mechanics, cardiovascular dynamics and gas exchange) shows to be computationally expensive with combinations containing a large number of differential equations and highly differing model dynamics. Computational costs showed to be mainly caused by complex cardiovascular models, thus a simple model based on the beat-to-beat model proposed by DeBoer et. al. has been implemented in the framework.
Methods
The previously presented framework considers interaction between the implemented submodels, thus the simple model has been extended to react to intrathoracic pressure changes as present in mechanical ventilation. To this extend, a complex 19-compartment model of cardiovascular dynamics as proposed by Leaning et al. has been evaluated at various intrathoracic pressure amplitudes and model behaviour has been reproduced in the simple beat-to-beat model. To enable interaction of the new model with gas exchange submodels, calculation of cardiac output using mean arterial pressure and arterial time constant has been implemented as well.
Results
Tests showed high consistency of simulation results compared to results using a model combination with the complex 19-compartment cardiovascular model. An intrathoracic pressure amplitude of 17mmHg resulted in mean alveolar oxygen partial pressure of 118.5mmHg in normal model combination and 118.7mmHg in hybrid combination, respectively. Computing time was decreased by factor 186 when using hybrid combination.
Conclusion
Hybrid model combinations containing different modelling approaches show to be computationally efficient while still being able to reproduce all physiological interactions included in the framework. Future tests will be conducted to reveal correct behaviour of baroreflex in the new beat-to-beat model compared to the complex 19-compartment model.
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